Chlortetracycline (CTC) is one of the most important compounds in antibiotic production, and its distribution has been widely investigated due to health and ecological concerns. This study presents systematic approach to optimize the high-performance liquid chromatography-tandem mass spectrometry for analyzing CTC in a multiple reaction monitoring mode (479  462 m/z). One-factor-at-a-time (OFAT) test with response surface analysis (RSA) was used as optimization strategies. In OFAT tests, the fragmentor voltage, collision energy, and ratio of acetonitrile in the mobile phase were selected as major factors for RSA. The experimental conditions were determined using a composite in cube design (CCD) to maximize the peak area. As a result, the partial cubic model precisely predicted the peak area response with high statistical significance. In the model, the (solvent composition) and (collision energy 2 ) terms were statistically significant at the 0.1 α-level, while the two-way interactions of the independent variables were negligible. By analyzing the model equation, the optimum conditions were derived as 114.9 V, 15.7 eV, and 70.9% for the fragmentor voltage, collision energy, and solvent composition, respectively. The RSA, coupled with the CCD, offered a comprehensive understanding of the peak area that responds to changes in experimental conditions.
Most antibiotics administered to animals are poorly absorbed in the animal gut after intake, 8 and it is estimated that 25-75% of the antibiotics leave the animals unaltered via feces or surface water, and drinking water [6] [7] . Therefore, the occurrence of antibiotics in the 20 environment has been investigated in recent decades. Among TCs, CTC is the most 21 frequently used in cattle, pig, and poultry production [8] . Due to its extensive usage and high 22 adsorption capacity, CTC has been detected in soil, manure, groundwater, sediment, surface 23 water, and municipal wastewater treatment [9] [10] [11] [12] . HPLC-MS/MS methods. Therefore, the objectives of this study were to select critical 48 independent variables for analysis of CTC using HPLC-MS/MS, and conduct multivariate 49 regression and optimization using RSA for higher sensitivity. The sensitivity was monitored by calculating the peak area according to changes in the 57 operational conditions of the HPLC-MS/MS. CTC analysis was performed using an Agilent 
Experimental Design and Response Surface Analysis

80
The RSA was used to determine the relationship between peak area at 462 m/z and 81 operational conditions of the HPLC-MS/MS. Sensitivity tests were conducted by changing 82 one factor and fixing the other variables, i.e., OFAT analysis, using the conditions described 83 in Table 1 . Then, three factors were selected as independent variables for RSA among the 
Selection of Major Factors for Optimization
106
The peak area of the product ion of CTC, 462 m/z, was tested for the seven factors (Fig. S1 ).
107
First, solvent composition and injection volume were tested as control factors for the HPLC 108 compartment. The peak area significantly depends on the composition of the acetonitrile in 109 the mobile phase ( Fig. S1(a) ). The range between 60% and 80% of acetonitrile was optimum.
110
The mechanism for the solvent composition influence on sensitivity is unclear, but a high 111 concentration of acetonitrile in the mobile phase was expected to increase the ionization 112 efficiency by increasing the evaporation capacity of the mobile phase. In Fig. S1 (b), the peak 113 area was stable at 2.32 ± 0.40 × 10 6 disregarding the injection volume in the range of 2-15 μL.
114
Therefore, only acetonitrile concentration was selected for RSA.
115
Second, the three ionization chamber control factors, i.e., nebulizer pressure, drying gas 116 flow rate, and drying gas temperature, were tested (Figs. S1(c) to S1(e)). The nebulizer 117 pressure regulates the efficiency of the liquid sample spray on the tip of the needle. After 118 spraying, the high temperature and rapid flow of the drying gas evaporated the water and 119 solvent contents to enhance the ionization of CTC. Among the three factors, only the drying 120 gas flow rate was considered as a major factor for RSA because a dramatic increase in the 121 peak area was observed at a drying gas flow rate of 10 L/min. The drying gas temperature is 122 an important factor to produce desolvated CTC ion, but the temperature range of 250-350°C
123
showed saturated effect on the sensitivity. A previous study also showed that wide range of drying gas temperature, 150-300°C, exhibited the limited effect on the sensitivity of mass 150
Response Surface Analysis and Optimization
151
The list of experimental conditions and corresponding peak areas for RSA are described in 152 Initially, a regression with 15 trials, including the center point (Trials 1 to 9 in Table 2 ), value for the lack of fit was significant and the regression coefficient for the peak area was 167 not significant at a 5% α-level. Therefore, an additional six trials (Trials 10 to 15 in collision energy, and solvent composition (Fig. 2) .
203
To find the optimum condition for the largest peak area in the experimental ranges, the result showed an insignificant difference from an estimated value of 8.73 × 10 6 , i.e., 5.2%.
213
The predictability of the model obtained in this study was also validated using the randomly 214 selected conditions for Trial 16 in Table 2 . There was only a 0.56% error between the 215 predicted value from the model, 6.62 × 10 6 , and observed value, 6.58 × 10 6 . These validations normalized step size from the center point is described in Table 2 . The largest contribution 235 was attributed to (collision energy 2 ) due to the largest absolute value of the coefficient, The sensitivities of individual factors were tested at the optimum conditions. One factor 248 was varied at a time while the other independent variables were fixed. 
Conclusions
255
The HPLC-MS/MS analysis of CTC was optimized using a systematic RSA approach. Before antibiotic-resistance genes in municipal wastewater using real-time PCR (taqman). J. 
